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STALLIFG OF TAPERED WINGS

By Sidngy M, Harmon
SUMMARY

OCharts are presented to show the effects of taper
ratlio, thicknese ratlo, aspect ratlo, and Reynolds number
on the spanwise location of the lnltial wing stall and on
the maximum 11ft coefficlent of the wing. These stall
charts supplement the charts given 1an NACA Report ¥o. 703
by including addltional taper ratlos and a root thickness
ratio of 0,24 tapering to 0.09 at the tip. PFYor a root
thlekness ratio of 0.24, the effect of lacreasing the
agpect ratlo to 18 1s invostigated.

INTRODUCTION

At the request of the Bureau of Aeronautics, Navy
Departmant, the stall cherts presented in reference 1 for
the HACA 230 alrfoll serles have been extended to 1include
taper ratios of 3 and 4 and a root thickness. ratio of 0.24
tapering to 0,09 at the tip. The present report, there-
fore, may be consldered a supplement to reference 1, The
comblned scope of the stall charts of reference 1, designated
A, and of the present work, designated B, 1ls summarized 1in
the following table:

TABLE I
[Aspect ratio, 6]
Thickness ratilo - Reference designatlon
t1
~ Root Tip Taper ratio
1l 2 3 4 5
0.12 0.09 A A B B A
15 .09 vy A & 3 &
+18 .09 (.Aj A é B A
o 21 «09 A\ A M B
o 24 .09 B B B B (?




Tor the wing with the root thickness ratlo of 0,24, the
effect of inocreasing the aspect ratio to 18 was also in-
veatlgated. .

METEOD AND RESULTS

The assumptions and the method used in the present
calculations are 1dentlcal with those given in reference 1.
Figure 1 shows the asaumad typlcal thickness~ratio variation
along the span for the wing having an NACA 23024 section at
the root and taperlng to an NAQOA 23009 section at the tip.
The flgure includes taper ratioe of 1 through 5, These
varlations, as noted in reference l, are indaspendont of
espact ratio, For nll cased, the variation of the actual
thicknoss along the span was linear,

Tho results are presentsd in figures 2, 3, and 4 end
are sgummarizsed in table II.

Figure 2 presents the gvanwlso distribution, based omn
lifting~-line theory, of the scvction 1ift coefficlent oc,.

Pigure 2(a) glves tho svction 1ift coafficlents 1,7 for

wings without msrodynemlc twist at an over-all wing lift
coefficivnt of 1 for taper ratlios of 3 and 4 and aspect
ratios of 6, 12, and 18, Figure 2(b) gives section 1lift
coefficlents ctblo for wings with 10” weshout at Cp = O,

Figures 3 and 4 show the distributions of e¢q¢ at the
wing stall compared with section values of ¢q,... The

figures are for Reynolds numbers of 4,000,000, 8,000,000,
and 14,000,000 based on the mean wing chord.,. The values
of c‘max are based on two~dimenslonal test data obtained

from reference 2 and corrected to the local Reynolds number
at each section. The Reynolds anumber corrections were deter—
mined from data given ln reference 3, which were extrapolated
for section Reynolds numbers greater than 8,000,000, The

Clpax valuas for thickness ratios higher than 0,21 were

determined by extrapolating the data from reference 2, A
partial check of thles extrapolatlion was obtained.by a com=
parlson of some of the values derived with oxperimental
data presonted in reference 4., TFilgure 3 precents the re-—
sults for an aspact ratio of 6 and taper ratlos of 3 and 4.
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The figure includes thickness ratios a2t the root of 0.13,
0.5, 0,18, 0.21, and 0.24, each tapering to 0,08 at the
tip, TFigure 4 presonts the rasults for the NACA 23024-09
airfoil for aspoct ratioa of 6, 12. and 18, and tapor ratios
of 1 through b. .

Table II summarizes the resulte of the present study
fér the 23024-09 wing for flve taper ratlos, three aspects
ratlios, and three Reynolds numberas. Thls table shows the
position along the wing b, as a fraction of the semlspan

at which stalling 1s first indicated to occur and the wing

maximum 1lift coefficients Clpax®

DISCUSSION

The general trends shown by the results of the prescnt
computations are similar to those dlscussed in reference 1,
Figure 3 and a comparlison of figure 4 of thls report with
figure 4 of reference 1 show the effects of increasing the
root thickness ratio to O0.24., The initial stall location
moves inboard and the c¢41 and clmax curves diverze more

rapldly outboard of the stell point. This divergence out—
board of the stall point with increaslinz thickness ratio 1s
more pronounced for low taper ratlos. There 1s, in addition,

&a roductlion in ths over-all wlng maximum 1lift coefficient

end in the margin bdetween tha ¢y and c‘max curves in-

board of the initial stall location. The incrozse in wing
thickness ratio from HACA 23021-09 to 23024-09 reduces the
calculnted value for the wing mexluum 1ift coefficlent by
approximntely 7 percent for the lower taper ratios (r, 1
and 2) and approximately 3.5 percent for the higher taper
ratios (r, 3 and 4),

Plgure 4 also shows the effects of aspect ratlo. It
i1s interestling to note in the filgure that the e, ,, dis-

tribution curves are lndependent of aspect ratio for a
glven wing BReynolds number based on the mean wing chord.
The o1,7 dietribution tends to flatten out with increasing

aspect ratio., (See fig. 2.) The resultant effect on the
initial stall location indicated in figure 4 1s that an
increase 1ln aspsct ratlo tends to move the initlal stall
locatlon toward the center, The calculatsd wing maximum
1ift coefficient for the NACA 23024~09 eirfoil varlies oaly



slightly with aspect ratlo, ezcept for extreme taper. With
the extreme tapsr ratio of 5 and a Reynolds number of
4,000,000, increasing the aspect ratio from 6 to 12 gilves

8 4.5 porcent increase in wing maximum 1ift coefflciont,
With a Reynolds number of 14,000,000 this 1increase 1in

CLpax 18 reduced to less than 1 percent. Increasing the

Reynolds number of the NACA 23024~09 alrfoll tends to move
the calculated initlisl stall location toward the center.

The results of the present study and the data given
in refersnce 1 show the effect of combining increasss in
wing thiclkness ratio, aspect ratlo, and taper ratio. The
effoct of combinling thess changes varliles somewhat wlth the
Reynolds number (and taper and thickness ratlos), In gon=-
eral, for a constant tapor ratio m combinesd incrsase in
tho thickness and aspect ratios tonds to reduce chax

and to shift the initlal stall location indboard, If the
taper ratlio 1es, in addition, incremsed, the effect 1s to

reoduce chaz and Lo wlden the spanwlse initial stall

rogion., If, for oxnmpla, & constant taper ratio of 2 1s
assumed, Jjointly lncreasing the wing thicknoess ratio from
NACA 23012~09 to 23024-09 end the nspect ratlo from € to
18 results in a reduction in CLpax of the order of 9

pasrcent for Reynolds number of 4,000,000 and 16 porcont

for Reynoldas numbuer of 8,000,000, The initirl stall re-
glon, howaver, moves inboard from the spnnwisu position

of approximately 0,50 to 0.60 to the position of 0 to 0,13,
If the taper ratlio 1s, 1n addition, assumed to increase
from 2 to 5, the combined sffeets of these changes 1n taper
ratlo, thickness ratlo, and aspect ratlo result in a re-
duction 1in chax 8lightly less than the previously men-

tioned one and in a widening of the spanwilise inltilal stall
reglon from 0,55 to 0,65 to 0,32 to 0.85 for Reyaolds num-~
ber of 4,000,000 and from 0.48 to 0,58 to 0.22 to 0,57 for
Reypnolds number of 8,000,000,

Flpures 3 and, 4 ghow, particulsrly for the WACA 25024-09
wing, a comparatively large spanwlse gradiont of thes Clmax

distribution. Txperimental section data for the MACA 230
series indicste that the decrease in ) P with increasing

thlckness ratlos abovo 15 percent 1s associated with a corre~
spondiing thickosning of the boundary layar. The comparatively
large varlation in c‘max between adjacent sections, noted

for the NACA 23024-09 wilag, 1s consequently associata=d, for
sections at tha same 1lift coefficlient, with correcspoading
difforences in boundary~layer thickness.



L-c{l

CONCLUSIONS

mhe results of the prosent study show tha same general
effects of variations 1n the taper ratio, thickness ratlo,
end Reynolds number on wing stalling characteristics as
shown by the analysis of Report No. 703.

The specific conelusions noted mainly for the JACA

' 23024-09 airfoll are:

l. Increasing the aspect ratlo and Reynolds number
tends to move the calculated initial stall location toward
the wing centerf{ whereas lncreasing the taper ratio moves
the 1nltlal stall position in the ocutboard direction,

2. The calculated wing maximum 1ift coefflclent for
the NACA 23024-09 wing varles only slightly wilth aspoect
ratio for the usual tapsars and, 1in general, 1lncraasss
slightly with lncreasing Reynolds numbers, Increasing
the wing thicknses ratio from NACA 23021-3c to 23024-09
decreases the calculatod value of maximum 1ift coefficient
by approximately 7 percont for thes lowser taper ratlos of 1
and 2 oand approximately 3.5 percent for the higher tapsr
ratios of 3 and 4.

3. In general, for a constant taper ratio, a com~
bined lncresre 1n the thlckness ratlo and the aspect ratlo
tends to reduce the maximum 1lift coefficient of the wing
and to shlft the initial stall location inboard, If the
teper ratio 1s, in addlitlion, increszsed, the effect of the
comblned lncreases 1n aspect ratio, taper ratlo, and thick-
ness ratlo tends both to reducs the maximum 1li1ft coefficlent
of the wing and to wlden the spanwise initial stall region,

Langley Meuworlal Aeronsasutical Laboratory,
National Advisory Committee for Aesroasutics,
Langley FPield, Va.
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TLBLE 11
SIMARY OF EESULTS FOR HACA 23024-09 WING FOE INITIAL

STALL, FEGIOK AND WING MAXIMUM LIFT

2 3 L 5

bg bg b | bg
(fraction (fraction c; (fraction Gy (fraction

aan% Smn) sem(i:?an) sam(i 3@) sem(ia?an)

i

Reynolds number 4,000,000
6 0 to 0.03{ 1,21 {0 to 0.31| 139 {0.35t0 0.65| 1638 [0.45to 0.66{ 1.34 | 0466 to 0481
12 0 to +03]1.22 [0 t0 &17[1.38| .19to U2[1.MO| .28Bto «68{1.39 | HOto .83
18 0 to «03{1.23 |0 to .14/ 1.36] 1lto .34|1.M0| .20t0 .U6E[1.39 | .32%t0 .85

Reynolds number 8,000,000

6 0 to 0.03|1.23 |0 to 0.25| 1.M1 |0.25 to 0.53|1.42 [0.39 to o.gg 1.38 |0.U4340.0,70

12 0to .03/1.25 |0 to .16]/1.40| .1lto 43|1.43| .25t0 U5[1.41 | «35t0 <59

18 0 to +03{1.26 [0 to .12{1.37 | «06t0 «27|1.41 | «13%t0 H5|1.U3 | 2260 57
Reynolds number 1Y4,00C,000

6 0 to 0.03{1.22 |0 t0 0.17|1.38 |0.26 to 0.46|1.41 |0.3L t0 0.52| 1.38 |0.37 to 0.63
12 0 to .03{1.24 [0 60 1% 1438 | 10t0 «35{1.42 | «25t0 «39|1.39 |..27to .50
18 0 to +03/1.25 |0 to .08!/1.36| .02t0o «25/1.39 | .llto .34/ 1,40 | .20t0 .48

BReglon of initisl stall, bge
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